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ABSTRACT 

This publication is one of a series of information 
booklets for the general public published by The United states Atomic 
-.nergy Commission. Among the topics discussed are: What is i^tomic 
Power?; what Does Safety Depend On?; Control of Radioactive' Material 
During Operation; Accident Prevention; Containment in the Event of an 
Accident; Licensing and Regulation of Atomic Power Plants; The 
Experience Record; safety Research; and Additional Information on 
Atomic Power. Schools and public libraries may obtain a complete s^t 
of the booklets without charge. (BT) 
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Nuclear energv' is playing a vital role in 
the life of every man. woman, and child in the 
United States today. In the years ahead it will 
affect increasingly all the peoples of the earth. 
It is essential that all Americans gain an 
understanding of this vital force if they are to 
discharge thoughtfully their responsibilities as 
citizens and if they are to realize fully the 
myriad benefits that nuclear energy offers 
them. 

The United States Atomic Energy Com- 
mission provides this booklet to help you 
achieve such understanding. 



!hc I S. AtoniK hnei^v ConiiiUbMon publishes ihis bones ol 
mloriiulion booklolb tor llio ucnoral public flic booMcl^are listed on 
liie insuie KukoAer b\ subiecl caiegorv 

Mcnibefb ol llie general public nu\ purchase booklets at the 
tollv>\\ini: raleb 

i 4 booklet. .... . - SO 25 each 

5 booklets . . SO. 20 each 

lOOoMUorj booklel^> . • - - SO. beach 

SjiooK aiul pubhc libiaiies ina\ obtain a coniplcie sol ol the 
hooklcls vMihoui Jurj:e I hose le^iuosls must be nude on school or 
hhi.iiv si.iuoneiv Ordeisloi booklets sliouKl be seni to 

I S \l ( leJuncal intorniation Center 

1> 0 Box (>: 

Oak Ruiuc. l\ ;>7s:>0 



Atomic Power Safety 

by John F. Hogerton 



CONTENTS 



WHAT IS ATOMIC POWER? 



. 1 



WHAT DOES SAFETY DEPEND ON? 



4 



CONTROL OF RADIOACTIVE MATERIAL 
DURING OPERATION 



13 



ACCIDENT PREVENTION 



18 



CONTAINMENT IN THE EVENT OF ACCIDENT 



25 



LICENSING AND REGULATION OF ATOMIC 

POWER PLANTS 29 

THE EXPERIENCE RECORD 32 

SAFETY RESEARCH 35 

AOOITIONAL INFORMATION ON ATOMIC POWER .... 37 



United States Atomic Energy Commission 
Office of Information Services 

Library of Congress Catalog Card Number: 64-62700 



1964 



ERIC 



1 



ABOUT THE AUTHOR 



Juhii F. HugL rlun a chenucal and nuclear enj^ineer (B, E , Yule, 
r>-n) whu hai> wuil'jti jn the alunuc iiului>lr> Iruni ili> bt'giiminj^. 
Now an induptMuient cunMillaiU, Mr. Hugt rtun uah cu-aulhur ul the 
final repurl on llu' sll rel wartime ^aseuui> diffusion operation at 
Odk KidKc Tenn., and served on the Manhattan Project PJditonal 
Advisory Board, He has written numerous other books, including 
reference volumes for the AICC. for mdustry and for the American 
Society of Mechanical Kngineers. He also is the author of other 
booklets in this series, includmg A'//c Heaclof,s and Atomic 
FueL 

ABOUT THIS BOOKLET 

This booklet is condensed from a larger publication, limk- 

uund Injift tttatu>n on Atoniu Poutt Sajtly, published in January 
lOuA, by the Atomic Industrial Koruin. That publication and thii> 
abndgmcnt were produced in recognition of the emergence of 
commercial atomic power as an important lactor in our national 
economy, and of the resulting need for readily available information 
m nontechnical form on the cha racteristics of nuclear power plants 
and on the various measures taken during their design, construction, 
and operation for public safety. 

This ada[) til ti on \vai> pu- paired b> the Atomic Lner^> Ctjmmission 
to provide incrctised dinhcmination of inloi matiorion the nature and 
satet> ol atomic [jtjwer operations, and to include I victual treatment 
of the topic in the AEC Understanding the Atom" series. 

The original booklet was produced by the Public Undcri>taiiding 
Pi o^ I am ol the Forum, the Forum is a nonprofit membership 
atsociatUHi to promote the development and appl ication ol atomic 
ener^ for constructive purposes. Its members include industrial, 
financial, legal, educational, labor and government organi/,ations 



in the rnileJ Slateb and ulher Luuntrub. Copiub of the lai'^er ptib- 
lualiun nia> be ublainLni wnlin^ U>. Ci ark\s B. Yuhsh, Piojcn i 
Manui^or, Publk UndtTstamiin^ Program. AtoniK Industrial i<..iam, 
>r>0 rhnd Ave.. New Yurk. 22. N, Y. 

Tne manu.^'jripl lor ihv AlV publiealion . «v tor lech- 

meal accuracy by: 

Diouild H c M, I)., Chiet, DiM^joM <.| R:,ni>> ;_al Health, 

I*. S. Public Health Ser\ ice. 

Hiihnd //. i hunihrrlani, \\.\\, CHiirni.in, Department ot Ha- 
diol<)i;\. rni\er.sil\ ot I>e:inb\ Ivania School ot Medieine, 

B.John (j(onik, 'IVchMCviI Uneetor, Uulnie.s Narver, Inc. 

l^t'onard (it'll t > , bvnutv Ah^ticiate. S, M, SluHei A.sb<jeiateb, 

A U //trf/v CouMiIlaiit. Teehiiubj^ical Ha/,aulb. General Llee- 
trie Coin pa rn . 

Jo.siph II, llonlantl, M.I),. Atomic Lneri^y Project. i:ni\erbit> ol 
Uochcstf r, 

Watnn C .Johnson, Vice IM-Cbulent, Special Scientitic Pn;^raiiib. 
The rniverbil\ ot CIncaiio. 

.4. R. -^^/zcs, Maiia<;ci , Prelimiijar> Plant Knj^meei in«;. Ucbliii*;- 
iioubc Kleclric Corpoiation, 

Jost'l)li L /wc/n Abbibtant Diieelortjt Nuclear Satety, I)i- 

vibion ol Ueacloi Development. l\ S. Atomic Kner«;> Commission, 

LauXifUi A/( Manager, Nucleai Salet> Kngwieei in*;. Atomic 

Power L{|iiip{nent Department, Gerieial Klectrn Comj)any, 

U, 7*. Mo()n\ Chiel Technical Adviser, Atomic Knerg> Division. 
The Bal)cock and \\iIeo\ Coni[)anv, 

Iosi /)h Philli/K^, L'nilcd Absociation ot Jouriiev men and A()pren- 
tices (it the PUimbiti^ and Pipe FiltiiiK Induslr> ol the United Slates 
and Canada. 

LliioodlK SuLshvt , Vice President. Oil, Chemical and Atomic 
V\orker.s International Union, 

tldthi Willtams, Deputy Director, lirookhaven National Dabora- 



torv. 




id _ I 



Atomic Power Safety 



By Jo!in F. Hogerton 



WHAT IS ATOMIC POWER? 

The subject of this 'jooklet is the safety of central- 
station atomic power olants, by which is meant plants 
operated by utilities to supply electricity to their customers. 
Its purpose is to present factual information on a number of 
topics relating to this subject, including some of the under- 
lying technical considerations. 

By way of introduction, we will first present some general 
information on atomic power— what it is, wliy it is being 
developed, and where it stands today. 

About 80'- of the electricity used in the United States is 
produced m steam-electric plants. These are plants m which 
heat from the combustion of coal, oil or natural gas (the 
so-called "fossil fuels'*) converts water to steam. The 
steam is Vun used to drive a turbine-generator and thereby 
produce electric power. 

An atomic power plant is a new kind of steam-electric 
plant in which the heat comes not from the burning of a 
fossil fuel, but from the fission of an atomic fuel, the basic 
sources o:' which are uranium and thorium. The turbine- 
generator part of an atomic plant is similar to that of an 
ordinary steam-electric plant; and the product, electricity, 
IS identical. 



Why IS atomic power important? 



llu rv art tuu principal iiirtiitivts for dt vtlupiiig and 
u.sin^i .ituniu' powt r. Fir^t, it ijrc)in::5cs to liclp stabilize 
M\d niav ^oon rctluci tlu' oobt of gcnt ratiiig ckctricity in 
.St I'tioii.s ul tilt ooLintr\ that art' ^libtant from coal mines or 
uil ur gat> luUli, ami tin rtfort bt a; hiuh fuel transportation 
rusts. Lxami)lt s artMht Nortiu ast aiiJ .he West Coast ^vherc 
fu». I ousts tNpu allv atH'uunt for about half the total cost of 
puwtr iitnt ration. Atuiiiu' pu\u r \:> already bt nefitm^ tliese 
St I'tions b\ nuuinu a runipttuive t lu r^y source available to 
tiicni. 

Tlu stcuiul rt asuii is that atuinic power promises ulti- 
niatt 1\ tubt an nulispt iisabk t nt ruy rt source, country-wide. 
Whilf U. rt serves uf fossil fuels (especially coal) are 
lariit , t)ur r.itt ul I'unsumptioii is iiicrcasini; rapidly. Tins 
IS true not just in tl»ctnc po\^t r i',(.'neration, winch prcs- 
t nth accounts fur about tjnt -fiftii uf uur fuel consumption, 
but alsu in transportation, manula^tui iau. Iicatinj; and otlier 
activitus in uhich fut 1 is ruiisunitd in lar^c quantities. 
.Mtumthtr, it has btcn tstiniatcd tliat wt will use as much 
t iKri;\ Iruni tut 1 uvt r the nt xt twenty years as we used 
Irom tilt Anurican Htvulution t(.' tht present day. Wlien 
prujL'cttd Hu'itasts m our rate of energy consumption are 
taktn mtt) account, tht uuhcatiuns arc tliat wc would ex- 
ptrunct sunu i Ift cti- oi dcplctum oi* our fossil fuel re- 
suurct s unh tuu or tlirt c utncrations hence if we were to 
cuhUnut our prtsLiit pattern of fuel utilization. Tne use of 
att^nnc lut Is lur i;tnt rating electric power will help con- 
st r\t fossil fut Is fur uses fur which they are uniquely 
*^uittd, aiui Will urtatlv txtt iul oui eiitruy resources for the 
luturt'. 

Where does atomic power stand today? 

U. It vt lupnit nt of atomic powi r for central-station 
ust bti'an m tarutst in 1954. when the Coni;ress passed 
It j^i^iatioii pel niittinij. utilitit s and otliers besules tlie Federal 
OtAtrnnieiit tu uwn atuniic rtacturs. This action was taken 
tt> » nctiur.uit . as wt 11 as to euabU , manufacturers and 
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utilitu.s tu dt vt lup aiui ubt atuinu' jK.wt r. Tlu rt- was alrcadv 
111 i'Xii>ti lU't' bv then a ttaibultrahlo bo^ly of applicable 

rhnulot;v, thanks to the lui^hlv siu'c essful dt vt lupiiK iit uf 
n acturb lur ^5lll)lllanlK■ prui)ulMt)ii, and tut xpt runet iiaiiRil 
in other major lields of reactor use. 

Ill the short span of tinu sinet the 1S54 Act beeanie law, 
much has hi i n aci )iiiphshtd in tht dirtction of intet;ratini; 
atomic power into ihi U. S. eleetric power econoiuv. For 
exampli', 

1 A total of about 1 million kilowatts of atomic power 
capacity ha^ been i>laced m operation; plants with an ad- 
ditUMKil I iiiiUiMh kilowatts i)f c*ip*u'ity are man advanced 
btate of construetioii; and an auJitionai million kilo- 
watts of i'apaeit\ are now beiiiu designed. Thcise numbers 
are small in relation to the tk)tal amount of U. S. electric 
powt r utneratiiii; cajjav ity, wliicti is currentlv almost 2 
liundred nnllion kiliAvatts. Thev nonethtd<'ss represent *i 
siiinifuant amount k)f power. For (\xainple, 2 million 
kilowatts I the amount ol *itoiiiic power cai)acitv nuw or 
sv^oii to be in opei atK)ii) are I nuUi;h to supidv the eltH'trieal 
dt mand of sueh stati s as Connec tu ut and Kansas, and of 
smii nations as Denmark and llun»;arv. 



Tht total capital mvistnient made or comimtti^d to 
date bv U. S. utilitus for atomic powc r . .ration facili- 
tus has almost rt-aehed the :<1 billion nuU'k. 

3 Atomie power plants ean now be purchased on a 
firm-price basis with performance warranties. 

Tins pruurt ss has coim about as a result of a p*irtnership 
effort on th.' part of tht .\tomic Lnt ruv Comni'Sision (AEC) 
and U. ^. industry. 

Then exists toi!a\ a si/.al)U atomic power iiulustry with 
a l)aekt;i'ouiul ol txptrieiice dating back to December 2, 
1^42, tht liav Lnruo Itrnu and ins rolUa^uts siucessfuUy 
U monst rated tht worKi'.^ first atomic rc actor on the campus 

01 tht Universitv ol Chieat;o. This mdustrv now has some 

2 million maii-vtars of experRiiec m tin Uinted States. 
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WHAT DOES SAFETY DEPEND ON? 



It should be understood at the outset that it is physically 
impossible for an atomic power plant to behave like an 
atomic bomb. In tiie latter, pieces of essentially pure fission- 
able material are rapidly compressed into a dense mass 
which IS forcibly held together for an instant of time to 
enable the chain reaction to spread through it. Tliese condi- 
tions do not and cannot exist in the reactors used in atomic 
power plants. They employ relatively dilute fuel; they are 
designed along different principles; and they operate differ- 
ently. 

The safety of atomic power plants does not depend on 
restraining the force of atomic energy but on containing 
the radioactive material it generates. 

The principal radioactive materials generated are the 
■'ashes" of fission — the so-called fission products. These 
are a diverse mixture of substances. Some are gases, some 
are solids. Some have short radioactive lifetimes,* some 
have long lifetimes, and some are stable (non-radioactive). 
The quantity of fission products formed is small in terms 
of mass — only a few pounds a day in a big plant — but large 
in terms of radioactivity. As the plant operates, the re- 
actor's inventory of ladioactive fission products builds up 
gradually until a point is reached at which the rate they 
lose radioactivity just about offsets the rate at vh ch they 
are formed and the essentialh leve!^ off. A'^ will be 
brought out, all but a very small amourt (less *\an one- 
thousandth of one per cent, vi the material normally re- 
mains confined within the fuel, f 

Small additional amounts of radioactive matter, called 
activation products, are formed in an atomic power plant 
by exposure to neutrons. This only nappens in and around 



* Tin- IiU'UiiK 'i[ a I .idiiAU ti\t' .substaiuH' is UMialh r\|Hc's.sc'J m 
term- .»! **ha!l-lik'.»» wlin'li i.s iIk' iinu' a lake's i<>r a lu I.ksi- 
iialt mI Us I adi' M( li\ it\ , liali - h\ rs ni nm.si lisM.,11 jirocku l.s vdw^v 
iroin U ai tit>;is ,>l a >c>u>iui lo tcn.s ol veais. 

+ niMU- aix)Ul lUK Irai lis^iMii, atonin" ("lui^v aiu! riMclors, 
.si'c **Our AtortiK' ^^orUr* and **N\u k<u KiaUors/* oihrv hookU-l.s 
m tfu> sc-i u's. 





the reactor core, which is the only part of the reactor 
where many neutronb are present. Most activation products 
have very short lifetimes and are of minor importance in 
relation to fission products. 

The basic unit for expressing amounts of radioactivity 
IS the curie, named in honor of Mane Curie, the discoverer 
of radium. One curie of radioactivity is equal to a certain 
very laige number {31 billion) of atomic disintegrations 
per second. But it does nut help our understanding of radio- 
activity to be able to relate numbers of curies to numbers 
of disintegrations per second since the latter terminology 
IS just as unfamiliar as the former. And what is more im- 
portant, it has little absolute meaning when applied to a 
mixture of radioactive substances such as fission products. 
The reason is that different kinds and strengths radiation 
are given off by different radioactive materials. One kind 
I alpha particles) is blocked by an ordinary piece of writing 
paper, while another kind ^gamma rays) can penetrate sev- 
eral feet of concrete. Also, different radioactive substances, 
besides having different radioactive properties, also differ 
in other properties that are important from the viewpoint 
of safety. Thus, to say that there are X curies of radio- 
activity in an atomic power plant is a little like lumping 
together the number of oranges, apples, grapes, water- 
melons, etc., in a grocery store; it is a number tliat does 
not tell us much. 

The most meaningful way of gauging radioactivity from 
a safety viewpoint is by the amount of radiation to which in- 
dividuals might be exposed. This topic will be dis ussed 
in a moment. First we siiould comment on a very i»ai/Ortcii:t 
aspect of radioactivity — namely, radiation detection and 
measurement. 



Radiation detection and measurement 

The presence of atomic radiation, though not detectable 
by the human senses, is rtadily detected by several types 
of instruments. One of the simplest radiation detectors is 
ordinary photographic film, which darkens on exposure to 
radiation and is routintly u.std in tht form of "film badges'* 
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.lb A nuaiib uf niciiiurint; tht cumulative amount of ex- 
puburt rtct-ivtd iluriiii; a given ptriod by workers in atomic 
t-iit riiv inbtallatio:is, Otiu r types of cktectors (such as 
Gtii;tr cuunttrb. propurtiunal counters and scintillation 
cuunttrb) art used to detect the presence and measure the 




Hand instrument used for radiation moniiormg 



intensity of atumic rajiatiuu. As tlie names of these instru- 
ments bui;i^est. they are c.vpable of count uig" individual 
particles ur unit.*? of radiatiua, Sa< h instruments are routinely 
ustd to nunitur radiation levels in and around atomic energy 
installations. 

Tht ability of radiation detection instruments to count 
induiiiual particles and units of atomic nidiation makes it 
possible to makt txtrenuK oen.s.*-^t radiation measure- 
nunts --or. to put it another uay. to detect the presence of 
extrtmelv small amounts of radio.ictive materials. This 
ability IS tin basis for the yyi W us* in science and industry 
of small amounts of raciioaclivt substances *is a means of 
"tracint;" events in biological, chenucal or physical pro- 
cesses. .\n tx|)erinient conducted by the U. S. Geological 
Survey can be cited as *in ex*imple. The U. S. G. S, wanted 
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to race the loss ol water from a Liri;e rvservoir. For this 
oiir.-^xse a small amount ihimdredths of a gram*) of a ra- 
dioactive form of a\drOi;en uas put in the reservoir, and 
i^round water uas later sampled at points several miles 
av^a\. By measuruii, tht concentrations? of radioactive hydro- 
i-en m the samples, much was learnt d about the pattern of 
the luss from the reservoir. The sensitivity of this tech- 
mqiit. and of radiation deteetion in general, is illustrated 
b\ tlK fact that liie concentrations of radioactive hydrogen 
tracer in the samples utre on the ordt^r of 0.00000000003 
parts per million. 

Kadiation dttection is also very sensitive m another 
^i^ay — nameh, in its abilitv to identify specific radioactive 
substances. This is made possible by the fact that every 
species of radioactive atom has a characteristic pattern of 
radioactivity. 

Thut^ thost ^^ho operate atomic power plants can, through 
tht use of radiation detection and measurement instru- 
ments, maintain an extreme Iv close check at all times, not 
onlv on radiation levels iii and around the plant but also on 
the identit) and amount of any fission products present in 
plant effluents *see next chapter). 

Background radiation 

.Atomic radiation is not new^ to the world; it is part of 
our natural environment. V/e have always lived in its pres- 
ence. This "background" of natur il radiation comes from 
two sources. One is radiation in the form of high-energy 
particles ttiat eoiiie from outer space and are known col- 
lectivelv as cosmic rays. Tht other source is natural 
radioactivity —that is, naturally radioactive substances 
present in c.>mmonplace UK.terials, such as granite, and in 
our verv bodies. Part of the potassium and carbon in our 
bodies, lor example, is radioactive. The following table 
sho\\s a breakdown of the radiation typically received by 
an individual from natur il sources. The v \lues are ex- 

• I h< t* iM I t ^1 iMi- 111 I ifniinl. Oiu ^i.ini i')u:;ldv ('(lU.il,^ Uie 
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pressed in thousandths of a rem (millirem). The rem is a 
measure that takes into account the properties of the kinds 
of radiation involved. The indicated total of 125 millirems 
per year is an average figure. The exact figure varies from 
place to place mainly because of differences in the amounts 



REPRESENTATIVE BREAKDOWN 
OF BACKGROUND RADIATION 



Source 

Cosmic ruys 

Natural radioaclivily 
External sources 
Internal ^.ources 

Total 



Radiation Receivec'* 
(Thousandtlis ot a rem per year) 

50 

50 
25 

125 



*Dose to reproductive organs and other soft body tissue. 
Source Report of United Nations Scientific Conference on the 
Ktteets of Atomic Radiation, 1962. 



Of natural radioactive materials present in the environs. 
Another reason for the variation is that cosmic rays lose 
strength as they pass through the earth's atmosphere so 
that they are stronger at h.gh altitudes than at low altitudes. 
In the L\ S.. background radiation levels range from about 
90 to just under 200 millirems per year. In some parts of 
the world levels as high as 12,000 millirems per year have 
been reported. 



Incremental radiation exposure* 

When we talk about radiation exposure resulting from 
atomic power operations, we are talking about incremental 
exposure to exactly the same kinds of radiation found in 
nature. Nor is atomic power the only source of incremental 



*lH'luiec! in tlii^ i aM' as tlic additional e\j>«)Mirc' rct*ci\ed a,s the 
n.->uU 1)1 atniiiK i>M\vt'i opc'i atioiLs ot otlioi pcincUil List's ol atomic 
viH rwiu.Nivr ol cNfxjMirc to radiation iui n\vi\n' il j>ur[)osc's. 
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exposure. For example, medical and dental X rays are 
familiar sources of radiation exposure, as are television 
sets and luminescent watch dials. 

The biological effects of exposure to atomic radiation 
have been studied for many years. We now have relatively 
definitive knowledge about effects on the human system of 
exposure to large radiation doses since Jiese have been 
observed. Effects that can be definitely ascribed to chronic 
exposure to very low radiation levels have never been ob- 
served; but, by inference from data obtained at higher 
levels and from our t;eneral knowledge, scientists assume 
that they exist. The problem of obtaining definitive informa- 
tion to validate this assumption is complicated by the fact 
that other factors in ♦■he human environment are known to 
produce the same changes in the human system as those 
assumed to result from exposure to low-level radiation. 

The fact that we know less about low- level effects than 
high-level effects does not mean that we are without 
knowledge about radiation as a factor in our environment. 
In 1960, after reviewing what was known about radiation 
effects, the National Research Council commented on this 
point as follows: 

I)e.s{)il(.' llu (.'\i.sIiul; wi our Uiuiu lutliie, )t it> a[)Uiiclantl\ 

<W\n liial lathalioii lar ilu' best aiitU'rhtuud eiu n niiiiiciital 

iuiz-arU. Vhv iJiercasin^ ci)iitaiuiiiatiuii ol tlie atiiint>t)!H' i f u ith 
p')teiilial cart I nujions/ the vwdi'rpu'ad use ol atu iieu and pouer- 
lul tliiu HI nu'diLiiK' and theniu'al assents in iiidut>ti*\. I'lUpliaM/.e 
IIk' need \uilvince <>\ei tlie entire en\ ironiiienl. ( >nly \wili 
iv^vird b) ladialinn has theie been dete nmiiation 1> miiuiiiize 
llu' risk at aInio>l any ei)st. 

In this connection, a feature that distinguishes radiation 
from other environmental hazards is the relative ease and 
remarkable sensitivity with which it can be detected and 
measured. 

Study of the environmental aspects of radiation goes on 
around the clock. U. S. Public Health Service and AEC 
monitoring stations, supplemented by State and local facili- 
ties, routinely check air, food and water supplies at sam- 



^CaiU'er-producii^u clu'iiucaLs. 

EMC 
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Instrument used for measuring 
radroactivity o( samples 



pling points throughout the country. While this surveillance 
network was established to monitor fallout from nuclear 
weapons testing, it provides an accurate and continuous 
check on the presence of radioactive material regardless 
of Its source. Research on the behavior of radioactive 
substances in the environment is contributing to the de- 
velopment of new techniques for handling radiological 
contamination problems. Procedures have been established 
to mobilize teams of skilled technicians to deal with such 
problems should they arise. While all of this work relates 
primarily to the U. S. civil defense effort, the knowledge 
being gained and the techniques being developed contribute 
generally to the control of radiation in our environment. 

Radiation protection standards 

The problem of balancing risk against benefit is perhaps 
the oldest problem in human experience, in the radiation 
field the solution has taken the form of radiation protection 
standards. 

Over the years, independent committees of scientists 
active in the radiation field have sought to define safe 
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practice in the use of man-made radiation. There is, for 
example, the International Commission on Radiological 
Protection (ICRP), which acts in an advisory capacity to 
the World Health Organization. In the United States, there 
IS the National Committee on Radiation Protection and 
Measurements ^NCRP), which maintains its headquarters 
in ufficeb of the National Bureau of Standards but is orga- 
nizationally independent of that agency. 

The standards which govern acc 'ptable practice in atomic 
po>\er plants are determined by che Atomic Energy Com- 
mission ab part of its statutory responsibility under Federal 
law. In tting these standards, the ALC receives official 
guidance lom the Federal Radiation Council (FRC), whose 
reeunuutudations are subjeottothe approvUof the President 
and whose membership includes the Secretaries of the 
Department of Healtii, Education and Welfare, the Depart- 
ment of Defence, the Department of Commerce, the De- 
partment of Labor, the Department of .\griculture, and the 
chairman of the AEC. Also, the AEC luis the benefit of the 
advice of the National Committee on Radiation Protection 
and Measurements, and of several advisory committees 
which the AEC itself has established, including an Advisory 
Committee of State Officials. 

In short, the procedures followed by the .AEC in setting 
radiation proteetiun standards ensure that the best scientific 
advice obtainable is in fact obtained. 

The Federal Radiation Council has recommended that 
incremental whole body radiation exposure of members of 
the general p\iblic not exceed 500 nullirenis per year. Tlie 
AEC's radiation protection standards are designed accord- 
ingly. Tiiev include a tabulation of nKixinunn permissible 
concentrations of specific radioactive substances in air, 
water, etc. 

The AEC*s basic radiation protection standards are 
publibiied in the Code of Federal Regulations and have the 
force of law. 

it should be mentioned before going further that the 
amount of incremental radiation dose estimated to have 
been received by conimunitits in the vicinity of commercial 
atomic powtr plants has been kept to a very small fraction 
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of the hinit recoinineiKled by the FRC. Wt- say '^estimated 
t') hjve befii received" because, despite the sensitivity of 
r.idiatiiin detection instruments, the radiation levels have 
boen i;enc rally found to be indisting-uishable from natural 
background levels. Thus, tiie only way operators of these 
plants find it possible to estimate the exposure of neigh- 
bors IS to calculate this on the basis of amounts of radio- 
active materials released by the i)laiits and tiie dispersion 
ciiaracteristics of the environment. 

This booklet's focus 

The booklet focuses on the safetv ^omic power op- 
erations withm the franu'work of the raUiation protection 
standards, with tiiese points in mind: 

1. Central-station atomic powx^r develoi)mcnt is being 
pursued as a matter of both national and industrial 
policy; 

2. Radiation protection regulativ)ns have been laid down 
bv competent autiiority to i^overn this activity; 

3. Our purpose is to prtsent factual information on 
safitv considt rations and practices and to summarize the 
industry's safetv record to cate. 

J\iv atomic powtr mdustrv^s "formuLV for safety is as 
follows: 

1. In desmnimi an atomic power plant, evaluate the 
possible tvpes and dei^rees of accidents; 

2. Bv taking advan.a^e of natural laws, by i)rovidin£; 
umnu tnni; ^afeiiuards, by const-rvativc desiii^n, and by 
careful construction and operation, do all tliat can be 
done to prevt^nt these accidents from occurrinii; 
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3. Buiki into ihv plant citptMidabk' means of oontainni^ 
the const^quences of accidents should they occur; 

4. Check and double check the safetv of the desii^n, 
constructiOii, and operation of the plant tlirou^h licensiui; 
and compliance procedures; 

5. Conduct supportinu safety researcn and test pro- 
grams. 



CONTROL OF RADIOACTIVE MATERIAL 
DURING OPERATION 

The previous chapter described the principal source of 
radioactivitv in an atomic reactor — namely, fission prod- 
ucts. This chapter describes how these substances are 
controlled duruii^ routine operation of a central-station 
atomic power plant. In tins and subsequent chapters the 
chscussion will bt based on planti, tmploymi^ water-cooled 
reactors, which are the most widely used at the present 
timt ; tiowtver, tlie principleis bdiind tiie plant features and 
operatmu procedure describe li applv to central-station 
atomic pov^er plant.s m general. 

The reactor core 

A larut uater-cooled reactor contains 50 to 100 tons of 
fuel. The fuel material most commonlv used today is 
slmiitly uiriched uranium dio.xide lUO.) in the form of 
small cylindrical pellets.* The pellets are placed iii thin- 



uallfd metal tubes to furni futl rods, a number of uhich are 
bunilltd tui;tt!itr in a long metal canto make up an assembly 
knuNin as a fuel tUment. A number of thest are positioned 
in a t\rid to make up what is known as the reactor core. 
The core is contained in a massively constructed steel 
tank, knoun as the reactor vessel, throui;h which cooling 
watei flows. 

The inventory of fission products in the plant, after 
several months of operation, amounts to several hundred 
pounds. The fission products are, of course, formed inside 
the fuel. On a weight basis, in excess of 99.99^1 of *he 
fission-product inventory of tin plant iiormalh remains 
confined within the fuel elements. As this fact indicates, 
it IS difficult for the fission products to escape the fuel. 
Thert art two reasons. First and most important, it is the 
nature of uranium diuxidt to hold tenaciously onto the 
fissioii products. Second, fission products which manage to 
break the grip of the uranium dioxide must find a way to 
get past the fuel cladding (that is, the metal tubes) in order 
to get out. Those that do get out of the fuel t ntcr the coolant 
(see below). 

When it comes time to refuel the plant, which is done at 
intervals of a year or longer, the reactor is shut down and 
the top of the reactor vessel is removed. A crane is used 
to lift out the spent fuel elements and move them to a 
storage vault or pool. There they are left for several 
months to allov for the sliorter- lived radioactivity to 
subsiile. By the end of this '* cooling" period, nearly all of 
the gaseous fission products have lost their radioactivity. 
The fuel elements are then loaded into ruggedly-built lead- 
sliielded steel containers for shipment via truck, rail, or 
barge, to a plant wliere they will be chemically processed 
to recover tlieir unused fuel content for future use. It is at 
tht processing plant that the fission products contained in 
tiie fuel elements are removed, concentrated and stored. 

Thus ill but an extremely small fraction of the fission 
products formed during the operation of an atomic power 
plant are normally held captive in the heart of the reactor 
or m spent -fuel storage, and leave the premises when the 
^ spent fuel is shipped away. 
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The coolant system 

Thert^ are two basic types of water-cooled reactors — 
pressurized water reaeturs and boiling water reactors (see 
figures on this page). In the former, the reactor cooling 
water UJiiniary coolant) is kepi undt r sufficient pressure to 
keep It from boiling in tlie reactor vessel. On leaving the 
reactor vessel it passes tiirough a heat exchanger in which 
It gives up Its iieat to a separate stream of "Aater (secondary 
coolant), thereby converting the latte" to steam. Then it 
flows back to the reactor. 

In a boiling water reactor the flow pattern is dillerenl. 
In this case the reactor cooling water is allowed to boil in 




the reactor vessel so that sttam is generated in the reactor 
proper.* This steam j;oes to tlje turbine, is condensed, and 
the condensate is returned to tlie reactor vessel. 

It is important to understand that in both systems the 
primary coolant circulates witliin a closed equipment circuit 
and IS completely cut off from its original source (river, 
lak« , ur ocean). Indeed, in all commercial atomic power 
plants tsstntially tht only water that goes from a waterway 
into the plant and then empties back directly into tlie 
waterway is that which is used to cool the turbine con- 
densers. This water does not flow through the reactor. Its 
function IS merely to carry non-usable heat away from the 
plant. 

As the plant operates, the reactor cooling water picks 
up some radioactivity. One source is leakage of some fission 
products through minute imperfections in the fuel element 
cladfling. These fission products, amounting to something 
like ont -thousandth of one per cent of the fission-product 
inventory of the plant, are principally the gaseous and more 




Assembly of a mam coolant Pump Fabrication of a heat exchanger (steam generator) 
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taMl\ v.ipun^td bului cunbtitiuntb of tlu fissiun-product 
mixturt", Anuthtr bourcc uf radioactivity in the reactor 
cuulnit; water ib .ictivatiou products. Thist include »?ctiva- 
tiun products furnicd in tlu \Katcr, most of which have very 
short lifetimes/ and activation products ihat art formed in 
reactor structural materials and enter the coolant through 
corrosion or erosion. 

To maintain the punty of the water and to linnt the 
amount of radioactivity in tht primary cooling system, the 
reactor coolant is purified. This is done by drawini; off a 
portion of the pnmarv c ' mt flow-, passinj^ it throui^h 
purification equipment, and tlu n rtturnnii; it to the systemt 

Radioactive waste handling at the plant site 

In addition to proctssinu a portion of the primary coolant 
flow, tht coolant purification system may also handle water 
collected from other points in the reactor installation (for 
example, water that has leaked out of equipment, or that 
has bttii Ubcd to clean out equipnunt durin*; maintenance 
operations). The purification is done by means of evapora- 
tors, demineralizers, filters and the like. 

Ail but a small fraction of the solid or liquid radioactive 
substances removed during the purification process are 
collected as waste concentrates, which are temporarily 
stored. Tht balance, avera^ini; a few millionths of a i;ram 
per day diirin*; routine operation, is dischari^ed to the 
wattrwav bervinv; the plant in a dilute waste stream gen- 
erally so feebly radioactive that it meets Atomic Energy 
Commission standards for drinking water. Further dilution 
occurs a> tht waste stream is dispersed in the waterway. 

The radioactive gases removed during the purification 
process average a few hundred thousandths of a gram per 
day during ruutiiu operation. This material is released 
to the atniospiiere through a tall e'hininey on a controlled 
basis to assure that then is sufficient dilution and at- 




17 



mospheric di&pursion of tlie radioactivity to meet AEC 
reg:ulations, which arc based on the annual radiation 
exposure tluit might be received by persons living at the 
plant boundary. 

The radioactive waste concentrates from tlie purification 
process, together witli other miscellaneous solid wastes are 
encased iii rancrete in steel barrels. When a sufficient num- 
ber of barrels accumulate, they are shipped from tiie plant 
to an AEC -approved site for burial or long-term storage. 

Monitoring and regulatory control 

Radiation levels inside and outside the plant are routinely 
monitored to ensure that proper conditions are maintained. 
Furthermore, all of the operations that have been described 
are subject to AEC inspection and compliance procedures. 

ACCIDENT PREVENTION 

.\s has been stressed, the central safety consideration 
in the operation of a central-station atomic power plant is 
control of the plant's inventory of radioactive material. 
Release of any of this material to the environment must 
satisfy the Atomic Energy Commission's radiation protection 
regulations. The last chapter described the procedures 
follovvcd in routine plant operation. Now it is time to con- 
sider tlie possii lity of accidents. In this chapter we will 
discuss the principal theoretical considerations involved, 
cite natural safety features which limit accident possibili- 
ties, and describe some of the precautions taken to prevent 
possible accidents from occurring, .\nother aspect of this 
subject — namely, containment of the consequences of acci- 
dents in the event they do occur — will he discussed in the 
next chapter. 

Nuclear Excursions 

The power level at which a reactor can operate safely is 
limited by the capacity of its cooling system — that is, the 
rate at which the primary coolant can carry away the heat 
Q generated in the reactor core. If heat were to be generated 
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at a faster rate than it is carried away by the coolant, the 
fuel would overheat and could melt or even vaporize. The 
consequences might ran^e from ht^avy radioactive contami- 
nation of the coolant vthrough release of fission products 
from molten fuel/ tu damage to reactor equipment and some 
release of radioactivity from the primary reactor system 
into the plant containment system. 

Thus one broad catei^ory of accidents which the reactor 
designer takes into account is that of an accidental in- 
crease in the rate of the fission chain reaction— referred 
to in reactor parlance as a '^nuclear excursion," And, in 
this connection, he also takes into account the possibility 
of a secondary effect — namely, that the high temperature 
reached in the fuel might cause chemical reactions between 
reactor materials that woulu increast tht amount of energy 
involved. 

Natural Safeguards 

Most of us know someone who is contrary in the sense 
that thii harder we try to i:tt him to do something, the more 
reluctant he is to do it. We iisuallv attribute this to a 
stubborn streak in his nature. Reactors designed for 
central-statioi; bervice nave a similar streak in their 
nature when it conits to nuclear excursions. For they are 
so designed that when an excursion begins, their natural 
tendency is to slow themselves down. Several factors 
contribute to this inherent stubbornness. The most im- 
portant IS what reactor designers refer to as the "Doppier 
effe \" This is a complex phenomenon to describe but the 
gist of 11 IS that, as the temoeraturc of the fuel rises, the 
proportion of neutrons capturtd by non-fissiouing atoms 
increases and the rate of fission therefore tends to slow 
down. The Doppier effect is not only automatic but in- 
stantaneous, and so offers immediate resistance to any 
increase in reactor power level. 

A second factor is that as the fuel becomes hotter its 
density decreases slightly, which also acts to lower its 
reactivity. 

Thirdly, in water-cooled reactors, the water that flows 
throu«;h the reac-tor core, besides carrying away the heat, 
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serves also to "moderate" the neutrons and thereby en- 
courage the fission chain reaction. Just as the fuel density 
dt'creases with increasing temperature, so does the density 
of the water and with the same effect — that is, lowering of 
reactivity. 

In these and other ways, accidental nuclear excursions 
tend to be self-correcting. Thus a runaway reaction can 
only occur if there is an accidental addition of reactivity 
so lari^e as to override the losses of reactivity which ac- 
company the excursion. Wirious design safeguards are pro- 
vided to prevent tins from liappening. 

It should also be mentioned that in normal operation the 
temperature of the fuel cladding is kept well below its melt- 
ing point. There is thus a good deal of "elbow room" for 
the fuel temperature to rise and fall during an excursion 
without affecting the integrity of the fuel elements. 

Design Safeguards 

We have described the natural safeguards against a. nuclear 
excursion in some detail to correct any impression you may 
have iiad that controlling a reactor is like having a lion 
straining on a leash. Actually, if anything "strains its 
leash" in a reactor it is the reactor's control system, which 
IS riesigncd to shut down the reactor automatically at tlie 
first sign of an unsafe condition. 

To understand how reactors are controlleci it is neces- 
sary to explain what is known as "excess reactivity." If 
a r*Mctor were loadtd w;th thr bare numnuim of fuel needed 
to initiate a fission chain reaction, it could not operate for 
more than a split second. Why? Because as soon as the 
fission reaction is started, some fuel would be consumed 
and the reactor's fuel inventory would fall below tlie bare 
mimmum needed. Also, fission products would begin to be 
fornieci and these sulistanees would absorb some of the 
neutrons needed to sustain tlie chain reaction. For the 
latter reahon. even il enouiih luel were added to replace 
exartlv the amount that liad been consunu d, the reactor 
still could not operate. Before the reactor could be started 
up auain, one would have to add a little extra fuel to make up 
^ for the "drag" on thi^ system caused by neutron losses to 
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fibsiuii products. Because of these two factors, it is neces- 
sary III practice to load reactors with more fuel than the 
theoretical minimum requirement. This extra fuel furnishes 
excess reactivity against which the system can draw to 
sustain the chain reaction as the operation of the reactor 
proceeds. 

For stable operation, there must be a means of compen- 
sating for the excess reactivity tliat is present in the 
reactor core. In other words, there must be a way of 
controllini; tlie rate at which the excess fuel is consumed. 
Usually tins is done by introducing a balancing amount of 
"negative reactivity" in the form of substances that are 
highly efficient neutron absorbers. (They can be thought of 
as neutron blutters.) By moving these substances into and 
out of the reactor core with adjustable control rods, the 
neutron population of the core can be decreased or in- 
creased, thereby slowing down or speeding up the chain 
reaction. In effect, they serve to control tlie rate at which 
neutrons are fed to the fuel. 

Reactors controlled in this fashion are equipped witli a 
number of control rods, some of which are held in reserve 
for emergency shutdown of the reactor. Also, in many re- 
actors, solutions containing neutron absorbers are added 
to the primary coolant, either for routine control or for 
use during shutdown periods. In all reactors, neutron 
sensing instruments are used to monitor the neutron popu- 
lation of the reactor core. On signals from these instru- 
ments, reactivity is added to or subtracted from the system 
by control rod adjustments or other means. In reactors 
designiud fur central- station service, several independent 
neutron monitoring circuits are employed and are wired 
into safet> meclianisms that stop the reactor automatically 
if the neutron readings exceed predetermined limits. This 
IS done by rapidly inserting control rods into the reactor 
core. In some reactors, neutron-absorbing solutions are 
also injected into the core as part of the shutdown procedure. 

Similarly, other instruments monitor otlier aspects of 
reactor operation, such as the level of coolant m the re- 
actor vessel, the temperature of the coolant leaving the 
reactor vessel, and the pressure of the primary reactor 
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system. These instruments are also wired into safety 
mechanisms that stop the reactor automatically if an ab- 
normal condition develops. 

It should be added that every effort is made to design 
the safety mechanisms to operate in a ''fail-safe" manner, 
meaning tliat if a component were to fail, the mechanism 
would automatically be triggered into operation. For ex- 
ample, control rods are held in standby position by power 
operated electrical or mechanical devices. Should a power 
failure occur, the rods would automatically be released 
and enter the reactor core, tliereby shutting down the 
reactor. 

Failure of cooling system 

Overheating of fuel could also be caused by an interruption 
in the flow of coolant through the reactor core wlien tlie 
reactor is otherwise operating in a stable manner. Also, 
once atomic fue) has seen service in a reactor it continues 
to give off heat when the reactor is shut down and even after 
it has been removed from the reactor. This "afterheat'* 
results from the radioactivity of the fission products and, 
while not nearly as intense as the heat that is generated 
during reactor operation, it could lead to melting of tlie 
fuel elements if adequate cooling were not provided. Tlius 
a second broad category of accident which the reactor 
desiniKi- takes into account is that of malfunctioning of 
the cooling system —either during operation or during 
reactor shutdown and spent-fuel storage. 

The safeguards provided against cooling failures can be 
summed up in one phrase, altraconservative design. Al- 
though all components are designed and fabricated to 
rxaitiui; btaiuiardb, tlit designer assumes various misliaps 
niav iK Tur. rant^inL; frum a slow leak in auxiliary equipment 
tu m abrupt break m tiie mam coolant piping. Instruments 
an providtd tu uiuiiitor tlie system for such occurrences 
and. as describe. i above, are connected into the reactor 
safitv nKchanibm:^ so that the reactor is automatically 
shut Ujwii at tht first sign of significant interruption in 
coolant flow or of outright "loss of coolant. - Also, a 




standby system is provided to cool the reactor core during 
reactor shutdown in the latter event. 

Failure of fuel element cladding 

As was described in the previous chapter, the core of a 
water-cooled reactor is made up of many fuel assemblies, 
each containing a bundle of fuel rods. Openings at either 
end of the tube bundle enable the coolant to enter and leave 
the assembly. Thus, as the coolant circulates through the 
core, it flows along each individual fuel rod. 

Despite rigorous fabrication standards and careful in- 
spection procedures, it is presumed that there will oc- 
casionally be some minute flaws in the cladding tubes, or 
that these will develop in the course of reactor operation. 
Therefore, some slow leakage of fission products from the 
fuel into the reactor coolant is expected to occur. As the 
previous chapter brought out, it is a function of the coolant 
purification system to remove and collect fission products 
that find their way through the fuel cladding. Thus, within 
limits established by design criteria, leakage of fission 
products through fuel cladding into the coolant is a normal 
situation. There would be no interference with routine 
operating procedures unless these limits were to be ex- 
ceeded. How could this happen? A batch of defective fuel 
tubes might somehow get past inspection, or perfectly good 
cladding tubes might be damaged as a result of local "hot 
spots" in the reactor core. While these things are very 
unlikely, the reactor designer assumes they might happen 
and takes them duly into account. It should be stressed that 
this is strictly an internal operating problem since we are 
only talking about fission products getting into the primary 
coolant system. It is the dependability of the plant, more 
than its safety, that is affected. 

The safeguards provided in water-cooled reactors against 
excessive leakage of fission products into the coolant due 
to fuel element cladding failures include conservative design 
of the fuel elements themselves, and the use of monitoring 
instruments that indicate if design limits are approached. 
But there is also a more fundamental safeguard — namely, 
at the fuel material used in these reactors has a remark- 
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able ability to retain fission products. Uranium dioxide and 
thorium oxide, the materials most commonly used today, 
are ceramic or porcelain-like substances. Part of their 
ability to retain fission products conies from the fact that 
they are extremely resistant to hot- water corrosion. There 
are other factors as well, and the result is that it is ex- 
tremely difficult for any but the more volatile fission 
products to escape from the fuel. As an illustration of 
this, a case is known where multiple cladding failures 
occurred in some special fuel elements undergoing test m 
a central-station plant. Even so, the rate of leakage of 
fission products into the coolant was found to be well 
within the hmits which had been set for safe operation of 
the plant, and it was not necessary to replace the defective 
fuel elements before the regular refueling took place. 

Accidental criticality 

Here we refer to the possibility of a fission chain reaction 
starting by accident. Under some circumstances, a chain 
reaction could start in an amount of fuel considerably less 
than a full reactor "core-load." Therefore, wherever atomic 
fuel is stored, handled or transported, care is taken to 
maintain safe conditions. 

The answer to accidental critiCc^lity is "safe geometry,*' 
which means ensuring that a critical mass cannot be 
assembled under any circumstances. The safeguards in- 
clude designing shipping containers so that it is physically 
impossible to load an unsafe number of fuel elements into 
them, and equipping fuel storage vaults with spacer devices 
so that safe geometry is assured. 

General 

We have described the major classifications of possible 
reactor accidents and brought out some of the safeguards, 
both natural and "engineered," that act to hmit or prevent 
them. Our sole frame of reference has been safety. Before 
closing this chapter, the point should be made that the 
utilities that own and operate commercial atomic power 
plants have an additional frame of reference — namely, 
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dependability of service. Tiie need to have dependable 
power-generating facilities iias always caused the utility 
industry to be txtrenielv conservative in equipment selection 
and plant desit;n. Tins same conservatism carries over 
into equipment manufacture and plant construction. The 
tradition of dependability of service, and the conservatism 
It imposes, are of themselves important safeguards. 

CONTAINMENT IN THE EVENT OF ACCIDENT 

As we have seen, tiiere are multiple physical barriers 
in a central-station atomic power plant against the escape 
of radioactive substances into the environment. There is, 
first of all, the ability of the 
fuel material to retain fission 
products. Tlien there is the 
fuel element cladding through 
winch fission products must 
pass in order to get into tlie 
reactor coolant. Then tiiere 
are the walls of the reactor 
vessel and of other massively 
constructed equipment which 
must be breached before ra- 
dioactive substances can get 
out of the reactor system 
proper. And, finally, in most 
of the plant:, being built today, 
there is what reactor design- Double door entrance 
ers call the **vapor contain- ^ vapor containment enclosure 
ment system,*' winch encloses 

the reactor installation and, m the event of a major acci- 
dent, serves to limit the escape of radioactive substances 
from the plant to the environment. It is with tins final bar- 
rier that this chapter will deal. 

The concept of vapor containment 

The concept of vapor containment is best explained by 
describing how a containment system is designed. If you 
^ere the designer, you would begin by imagining what is 
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UMiall> nU rrt'd to the "maximum credible accident" — 
th.it ib, tht mobt riuus reactor accident that could be 
tAt^v'tt i tu hai;i)tn if major desi^^n safeguards failed. This 
^^.ouki liivuht U^puthtsizini- not one but d combination of 
.HtNtral hit;iil\ improbablt things going wrong simultane- 
ua.sK. Thtn. taking into account the size and design charac- 
t' Mr»tici5 i>l the n avtur, you would make some calculations. 

Itt u> .ibbunu , In way of example, that the "maximum 
luMibK ari'idiiit' invulvt^s a sudden escape of all of the 
i noLuit contaiiitvi m the primary system of a water-cooled 
reav'tor - uhich \Kuuld happen if the walls of the high- 
prtsijiirt bvbttm were breached. This would mean that 
all of tht^ tntrgv nurmallv "storecr' (as heat) in the coolant 
nuuht be rtlta-sed. Picture, in short, an event similar to a 
buikr rupture in \Kiiieii a large amount of liigh-pressure, 
high-temperature water flashes to steam. 

l.tt us albu assume that the standby core-cooling system 
Uutb nut function properly with the result that fuel elements 
ovtrheat and cladding failures occur, releasing fission 
products. 

hi analyzing the consequences of such an accident (or, 
niure accurately, this combination of accidents), you would 
firbt caleulatt the maximum pressure that could be exerted 
on the walls of a vapor containment enclosure. Then, after 
estimating the amount of various specific radioactive sub- 
stances that might be released by the overheated fuel and 
tlR possible rate of leakage of vapor out of the containment 
enclosure, you would calculate the miiximum rate at which 
these substancei5 could be expected to escape from the plant. 
Then, taking mtu account the characteristics of the proposed 
reactor site — in particular its meteorology (prevailing 
winds, etc.; and its location in relation to the surrounding 
population — vou would estimate the maximum radiation 
exposure that might be received by persons at the plant 
boundary and at outlying distances if this hypothetical 
series of events actually occurred. If you found that the 
exposure pattern is consistent with the Atomic Energy 
Commission's radiation protection standards and related 
siting criteria, you would then be ready to proceed with the 
design of the containment system. 



In thf design and construction of tlic vapor containment 
system, tlie rule uf conservatism applies. For example, 
tilt structural dLSii;n of a contaniiiient enclosure is custoni- 
anlv based un a pressure hiij;lier than tlie calculated pres- 
sure. Wherever pipes or ventiLiu. . ducts penetrate the 
enclosure, precautions are taken to <jnsure that thty do nut 
compromise the intei;rity of the jontainment system. The 
sanu applies to access doors for personnel. When com- 
pleted, and at intervals durint^; the life of tlie plant, the 
enclosure is carefully inspected and tested to determine 
that it meets the dei^ree of leak t lightness specified by the 
desii;n. Beyond these and other standard safeguards, special 
safeguards may bt provided in particular circuniirtaiices. 

Types of vapor containment systems 

Two principal tvpes of vapor containment systems have 
been used to date in central-station plants t nipluMiig water- 
cooled reactors. 

One type makes use of a large spherical or cylindrical 
steel shell that encloses essentially the entire rtactur 
installation. The shell, which in a large plant niiglit hi the 
height uf a twentv-storv building, is constructed by uelding 
together sections uf steel platt. In the plants tliat have been 
built to date, which are located at a distance Ironi popula- 
tion centers, a single containme^nt shell is li.s' d. Recent 





proposals to locate plants in or near population centers are 
based on mueii more elaborate designs. These proposals 
have specified a double-walled, "zero'"-leakage shell sur- 
rounded by a massive concrete radiation shield. The radia- 
tion level at the boundary of a plant employing such a 
containment system would be essentially unaffected by a 
major accident within the shell. 

A second, basically different type of vapor containment 
system has come into use recently. It is known as the 
"pressure suppression system.*' In one version of this 
system, the reactor vessel is located in a steel containment 
tank surrounded by a concrete radiation shield. The con- 
tainment tank, termed tlie dry-well, is connected by pipes 
to a second tank, termed the wet-well, that is partially 
filled with water. Tlie entire installation is housed below 
ground level within a building of special construction. In 
the event of a vapor release from the reactor, the vapor 
would pass into the dry-well and from there through pipes 
^ into the wet-Well. The pressure surge would be immediately 
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relRvt'd by vapor condensation; moreover, in bubbling 
through the water in tlie N^et-well, the vapor would be 
scrubbed essentially free of solid radioactive particles. 

LICENSING AND REGULATION 
OF ATOMIC POWER PLANTS 

It IS Federal law that no one may build or operate an 
atomic power plant without obtainini; first a construction 
permit and then an operating license from the U. S. Atomic 
Energy Commission. The licensing procedure, outlined be- 
low, involves a searching analysis of tlie safety of the 
proposed plant, not only by the AKC's own regulator^ staff, 
but also by expert advisors. Alsu, it provides opportunity 
for State and local authorities and the public to keep fully 
informed on the progress uf the heense applications and to 
participate in hearings held before action is taken to grant 
or deny them. 

The AEC's authority and organization 

The AEC is an independent agency of the Federal Govern- 
ment lieadeii by a five-member cummissiou appointed by tlie 
President. Its authority over tlie licensing and regulation 
uf atomic power plants stems from the Atomic Energy Act 
of 1954. 

Under this act, the AEC has three broad areas of re- 
sponsibility. One IS the production of atomic materials 
needed for the national defense. Another is fostering the 
development of atomie power anJ other peaceful uses of 
atomic energy. Tlie third is the licencing and regulation of 
tlie peaceful uses of atomic energy. 

To avoid conflict between the role of promoting the de- 
velopment of peaceful uses and that of regulating these 
same uses» the AEC has set up a separate staff for the 
latter function. (See Chart pages 30 and 31.) 

Prerequisites for a construction permit 

To obtain a const inaction permit from the AEC, the 
^nnhcant must estabhsli his technical qualifications and 
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LICLWOFPOWLiimRS 

How arc central station atomic power plants licensed 
arxJ regulated' The U S Atomic Cr>ergy Commisnon 
requires tm> separate licenses-~one to build the fa 
cility and another to i>perate it Let's trace the steps 
ir» the process ol obt;>ining a construction permit 




^1 



Trie utiiit)^ submits a formal application describing the 
design and location of the proposed plant and the 
safeguards to be provided The application also covers 
the utiJit)^ s technical and fmarKial qualificatiors 



'mi 

Of cot^iisioM iJ: 



0 The AEC s Division of 
a Reactor Licensing (DRL) 
makes cop«es of the application 
available to the public and 
ACRS DRL technical experts 
study the application review it 
with the applicant arx) prepare 
an analysis 



Th« DHL analysis is submitted to the ACC's statu 
(ory Advisory Committee on Reactor Safeguards 
a comm,tte« of independent exports ACRS stjdies 
th« application m detail and holds conferences with 
the ap{>licant and DRL staff The ACRS findings are 
reportfid to the AfC and mdde public 





0 c^MjkMi^iBm 
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BEST CGPY AVAIUBLE 



|Ai C0ftsiroctK>n pro^rcsMs •MiUon*\ mfofm« Hi 
lion IS d«v«ioped jnd th« uliMy apphci to th« fys!^ 
C tOf «n Oi)«r«ting {ic«ns« Th« Mm« careful '^^^^ 
% IS m*cJ« by th« AEC m dtCKJmg wh«ihtr of oot^ -^-i-^ . "* 
UM tb« OfMrsting permit .v. I, v. . », 



7. 



r A coniiructioo p«rmti is then 
granted or denied jnd public 
notice n given H granted con 
struct ton ot th« pUnt mjy begin 
subject (0 inspection by lh« 
Ate s Division of Compliance 



> The Board s decision is sub 
i«ct to review by th« five mem 




ber Atomic £r>crgy Cofnmission 



After reviewing the testi 
mony and the ORl and 
ACRS findings, the Ooard de 
cides for or against granting a 
construction permit 




A public h«aring is bekj 
usually r>ear ttve proposed 
site, by an ACC appointsd 
Atomic Safety & Licensing 
Board Private citi/ens. State & 
local officials, and community 
groups may attend and give 
testimony 



fiiiaiu ial rei)poubibilit> and must satisfy tlie AEC that tlie 
proposed plant will be built and operated safely. 

Cat' of tlif requireiiit iits uf fiuaiieial responsibility is that 
tilt' applicant must arraat;t for a specified amount of in- 
burauct' roveraue ^oi equivaleut financial protection) against 
possible public liability, 

THE EXPERIENCE RECORD 
Central-Station atomic power plants 

The acid test of safety is experience. While tlie U. S, 
atomic power industry is still young and just beginning to 
i;row, the amount of electricity that has been produced 
ui central-station atoniu* power plants is already measured 
u\ billions of kilowatt-hours. The safety record can be 
summarized verv briefly: 

1. There has been no mstatice of radiation injury to 
any wurker m a cent ral- station atomic power plant; 

2. Tiie radiation exposure estimated to have been re- 
ceiveci by the general public as a result of central- 
station atomic power operations has been kept to a very 
small fraction .>f that allowed by the Atomic Energy 
Ci)niinissioirs radiation protection regulations; 

3. There iias been no instance of an accident m the 
cateuorus described earlier (see chapter on Accident 
Prevention) ui a central-station atomic power plant. 

We do nut mean to imply that reactor accidents niav never 
hapi'en. But, as we stressed m the discussion of accident 
pii\ention, the desiuners of atomic po\v( i plants postulate 
evrn vt rv unlikely reactor accidents and the plants are 
'!;,Mi;nerl accordm^lv. 

Ill K bi riljiim the operating experience of the industry, a 
dustiin ti'Hi bhouM be niaile between preliminary and routine 
opf ration. 

Preliminary operation 

When an atoniu p*)wer plant is started up for t ? first 
tinn it ih put through an extensive elieck-out procedure. 




The period of prehnunary operation may range from several 
months to a year or longer. During this period the power 
level at which the reactor is operated is gradually increased 
from an initially low level to that corresponding to the full 
rated power output of the plant. This is done in strict con- 
formity with hmitations imposed by the opcf rating license, 
which may require operation at specified low power levels 
for an extended period. 

Both during the startup procedure and trial operating 
period, various tests are conducted and any necessary ad- 
justments are made. It is quite common for the reactor 
to experience a number of automatic shutdowns during pre- 
liminary operation, either because of over-conservative 
control instrument settings or because of minor malfunction- 
ing of some components of the reactor system. 

In the latter connection, the reactor components have on 
the whole presented fewer startup problems than the more 
or less standard equipment used in auxiliary systems and 
in the electrical generating portion of the plant. 

Routine operation 

Once they have entered into routine operation, central- 
station atomic power plants have proven to be extremely 
dependable producers of electricity. Utilities speak of 
**plant availability,'* meaning the percentage of time a 
power plant is available to supply power on demand. 
.Atomic plants have demonstrated annual availability factors 
that compare favorably with those of the most modern, 
fossil -fuel -fired steam-electric plants. 

Therr is in fact at least one reason to expect that time 
may prove atomic plants to be more dependable than fossil- 
fuel-fired plants. The reason is that in an atomic plant the 
components that get the " hardest wear" — namely, the 
reactor fuel elements— are replaced when the plant is 
refueled. In fosbil-fuel-fired plants, the components that 
get the hardest wt'ar are the tubes in the furnace section 
(**firelx)x'*) of the steam boiler, which are permanent 
fixtures. As a general rule, these tubes present the mcst 
serious operating and maintenance problem in ordinary 
^''♦eam-electnc i>ower generation. 

ERIC 33 



Other reactor installations 



The above discussion applies to central-station atomic 
power plants. Such plants are designed and engineered to 
meet exacting utility standards of dependability over their 
operating life. Once in routine service, they are usually 
operated at fairly even power levels for sustained periods 
of time.* 

Naval reactors 

The closest parallel, at least as regards the degree of 
dependability required, is in the reactor propulsion systems 
supplied for operational Naval vessels. Here again Uie 
experience record has been excellent. At this writing 
sometlnng like 100 reactor-years of safe operating ex- 
perience have been logged with Naval reactors. 

Miscellaneous reactors 

Other categories of reactor installations include: 

1. Experimental or prototype power reactors operated 
to obtain data for the design of future central-station 
atomic power plants; 

2. Experimental or prototype systems built m con- 
nection with the development of reactors for various 
specialized applications, such as supplying electricity and 
heat to remote military bases, furnishing auxiliary power 
to space vehicles, rocket propulsion, and others; 

3. General- and special-purpose test reactors — reac- 
tors used to test developmental reactor materials and 
equipment, or to study the basic characteristics of 
reactor systems; 

4. Production reactors — reactors used to produce 
Plutonium and other materials for defense stockpiles; 

5. Research reactors — reactrjr.s used primarily to 
supply neutrons and other forms of radiation for scientific 
researcli; 



M^rtMus{' ihc- lucl t'o.sl ol .iloniK- (jowci |)lants is low. t!u'\ lend 
tf.cn s tn *M).isc load'* operation in a utililv h^stt-m — i.e., op- 

(MMtioii al -^n'; or m.ire ot iheir lated raiMCitv o\or Uw year. 



6. Training reactors — reactors used primarily as aids 
in teaching reactor teciinology; 

7. Critical experiment facilities. These are not reac- 
tors in the usual sense of the term, since they opeiate 
at essentially "zei-o" power, but do involve the initiation 
of a self-sustaining fission chain reaction. 

As you might expect, these diverse fields of reactor design 
and use represent a broad spectrum of operating conditions 
and circumstances. For tins reason it is difficult to relate 
the collective experience of the reactor field to the safety 
of commercial atomic power plants. Itcanbesaid, liowever, 
that building and operating reactors of basically different 
types uniler widely different conditions does much to 
strengthen the general technology upon winch the designers 
of commercial atomic powur plants draw. Also tliere is at 
least one common denominator — namely, the opportunity 
for liuman error — so tiiat those who design and operate 
reactors for one purpose can often benefit from experience 
gained with reactors designed and operated for quite differ- 
ent purposes. In this light, the fact that literally hundreds* 
of atomic reactors of different types have been operated 
under different conditions with a degree of safety almost 
unparalleled m industrial experience is, at the very least, 
a favorable omen for the commercial atomic power field. 



The safety of atomic power is studied as well as practiced. 
The U. S. Atomic Energy Commission is sponsoring a major 
research and test program in this field and supplementary 
work is done on specific problems on tlie initiative of 
reactor manufacturers or under utility sponsorslnp. 

The AEC program is divided into two main parts — 
study of basic reactor accident phenomena, and testing 
of safety features. It also includes reseaicli and develop- 



♦rht'U'.iic ap|)i'o\iinat(. 1\ -IDO micU'iii ifaclorb iii operation m 
Iho v\oil(l. Ol this fiu'iiln-r. al)oul hall art- located m the U. S. 
(rUese li^uir^ mckult rcacloi s mall calc-^oues luslfd (Mi jjagt-b iM 
ami 
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ment on all aspects of radioactive waste handling and 
storage. It would be beyond the scope of this booklet to 
describe the AEC program in detail, and therefore the 
following paragraphs are intended only to indicate the 
principal lines of effort in the field of reactor safety. 




Fuel assembly rn test reactor 



The part of the program devoted to the study of accident 
phenomena has been in progress a number of years. It has 
involved systematic theoretical and experimental studies of 
the befiavior of reactors under transient conditions (nuclear 
excursions), the performance of control devices and systems, 
and related activities. The emphasis has been on water- 
coole(' reactors but other types have also been studied in 
considerable depth. Much of the work is conducted at the 
National Reactor Testing Station m Idaho where several 
experimental facilities are used exclusively for saiety 
research. 
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The safety test portion of the AEC program is currently 
concentrated along four principal lines: (1) simulation of 
"loss-of-coolant" accidents to study tlie consequences of 
such accidents and to test related safeguards; (2) simulation 
of nuclear excursions in oxide fuel cores for the same 
purpo es; (3) experiments to determine the escape pattern 
of fiss'ui. i.oducts during fuel-meltdown accidents and 
to test the performance of containment safeguards; and 
(4) metallurgical research and engineering tests aimed at 
acquiring fundamental knowledge of the causes of mechani- 
cal failures in high-pressure equipment. 

Through safety research and tests, the atomic power in- 
dustry IS continuously strengthening the most important 
safeguard any industry has — namely, knowledge of the 
causes and consequences of accidents and of the depend- 
ability of safeguards. Learning about accidents before they 
occur IS part of the basic fabric of the safety of atomic 
power. 
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